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Summary

 

Respiratory syncytial virus (RSV) is a common cause of lower respiratory
tract disease (LRTD) in infants. Eosinophils have been suggested to play a role
in the disease pathogenesis of LRTD. Inflammation can induce functional and
morphological alterations of peripheral blood granulocytes. In patients with
RSV LRTD, we aimed to investigate the eosinophil activation status by anal-
ysing surface markers. 

 

In vitro

 

 stimulation of eosinophils with cytokines leads
to up-regulation of CD11b and priming markers recognized by the recently
developed priming markers A17 and A27, whereas interleukin (IL)-5R

  

αααα

 

 is
being down-regulated. In 51 patients and 10 controls we examined the expres-
sion of these surface markers on eosinophils in moderate to severe RSV-
induced LRTD patients at the time of admission and 6 weeks later during the
convalescence phase. RSV-patients were characterized by a higher eosinophil
CD11b expression compared to controls. Although basal A17 and A27 expres-
sion was not increased, we observed a significantly higher expression of these
priming epitopes on N-formyl-methionyl-leucyl-phenylalanine (fMLP)-
stimulated cells of RSV patients compared with cells of controls, indicative of
prior 

 

in vivo

 

 priming. Furthermore, IL-5R

  

αααα

 

 expression was down-regulated
on peripheral blood eosinophils of these patients. Follow-up blood samples
showed normalization of all markers but CD11b, which was persistently
increased. Utilizing cellular markers, we observed that peripheral blood
eosinophils from infants with RSV LRTD are in a more activated state com-
pared to eosinophils of controls, which normalizes only partially during
convalescence.
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Introduction

 

The majority of infants in the western world have encoun-
tered at least one respiratory syncytial virus (RSV) infection
before the age of 2 years. A total of 1–3% of infected infants
require hospitalization for lower respiratory tract disease
(LRTD). No effective therapy is currently available, and only
supportive care such as supplemental oxygen and intrave-
nous fluid can be provided to assist spontaneous recovery.

Research into the pathogenesis of this common res-
piratory infection was advanced by the dramatic results of
the vaccination studies in the 1960s. Infants who were

immunized with formalin-inactivated (FI) RSV vaccine
became severely ill upon exposure to wild-type RSV in the
subsequent winter epidemic [1]. In the following years, this
FI-RSV vaccine has been used in a murine model to study
RSV pathogenesis [2]. The presence of large amounts of eosi-
nophils in the lungs of mice after segmental immunization
and infection with RSV, as well as in the lungs and blood of
infants who died after vaccination, was a characteristic fea-
ture [3,4]. Eosinophil presence is linked to the clinical symp-
toms of bronchial hyperresponsiveness during an acute
infection, which sometimes persevere several weeks to
months after viral clearance [5]. Although the levels of
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eosinophilic cationic protein (ECP) were highly increased in
bronchoalveolar lavage (BAL) fluid of children with a severe
primary RSV infection [6,7], no increase in eosinophil cell
numbers was found. Also in asthma, discrepancies between
eosinophil numbers in sputum or peripheral blood and
pulmonary tissue have been described. Flood-Page and col-
leagues have shown that even after several months of anti-
interleukin (IL)-5 therapy 50% of eosinophils were still
present in the tissue, whereas in blood, bone marrow and
sputum only very low levels of eosinophils could be found
[8]. A small number of eosinophils present in airway tissue is
thought to be enough to cause symptoms.

Involvement of eosinophils in RSV LRTD requires migra-
tion of cells from the peripheral blood to the lungs. For opti-
mal extravasation of eosinophils through the pulmonary
vasculature, these cells need cytokine priming in the periph-
eral blood [9,10]. As in most local inflammatory conditions,
cytokine levels in the peripheral blood are below detection
level and are often not useful in studying immune cell
involvement. However, cellular markers associated with
priming and activation are indicative for exposure to pico-
molar concentrations of cytokines and may be used as a sys-
temic read-out of local inflammation [11,12].

Recently, novel priming-specific monoclonal antibodies
were used to demonstrate increased priming of peripheral
blood eosinophils in whole blood samples during allergen
challenge in adults [13,14]. Activation of eosinophils can also
be measured by analysing the expression of CD11b [11,15],
which is known to be up-regulated on the surface of acti-
vated cells due to relocation from specific granules in gran-
ulocytes [16–18]. Furthermore, it has been shown that
during allergen challenge, eosinophils in the lung down-reg-
ulate their IL-5R

 

α

 

, a high-affinity receptor for IL-5 [19,20].

 

In vitro

 

 experiments have demonstrated a down-regulation
of IL-5R

 

α

 

 when cultured in the presence of IL-5, IL-3 or
granulocyte–macrophage colony-stimulating factor (GM-
CSF) [21]. Down-regulation of IL-5R

 

α

 

 expression may
therefore reflect stimulation of eosinophils by cytokines and
could be used as a potential marker for eosinophil-mediated
inflammation.

In the present study we aimed to investigate the involve-
ment of eosinophils in RSV LRTD. We observed systemic
activation of eosinophils cells in peripheral blood, using cel-
lular surface markers as a read-out and related systemic acti-
vation to clinical disease severity.

 

Materials and methods

 

Patients

 

Infants under 2 years of age, admitted to the hospital with
RSV-induced lower respiratory tract infection, were
enrolled during two winter epidemics. The diagnosis of
RSV LRTD was based on: (1) the presence of a positive
immunofluorescence test for RSV on nasopharyngeal

secretions; (2) first-ever episode of wheezing; and (3) a pae-
diatrician made a clinical diagnosis of RSV-LRTD with fine
crackles, wheeze and/or ronchi present on auscultation of
their lungs.

In 51 patients and 10 healthy controls, eosinophil activa-
tion markers were measured. Children with pre-existing
wheezing, chronic lung disease, congenital heart disease or
immunodeficiency were excluded from the study. Standard
care patients were enrolled from five different small
regional hospitals and intensive care patients from the Uni-
versity Medical Centre in Utrecht (UMCU), whereas all
blood tests were performed at the laboratory of pulmo-
nary diseases at the UMCU. The study was approved by the
Central Committee on Research Involving Human Sub-
jects of the Ministry of Health and the Medical Ethical
Committees in all participating centres. Both written and
oral permission were obtained from parents or guardians
from all patients. To evaluate the disease severity, duration
of hospitalization, number of days on supplemental oxy-
gen support and duration of mechanical ventilation were
recorded.

Control patients were enrolled at the Urology Department
of Paediatrics. Only patients under 2 years of age, undergo-
ing small urological operations without a history of allergy,
LRTD or wheezing, were included. None of these patients
had a current or recent (urinary tract) infection or were
known to have any kind of immunodeficiency.

 

Collection of materials and staining of eosinophil surface 
markers

 

Heparinized venous blood was drawn from the RSV patients
within 36 h of admission. A second blood sample was taken
during the convalescent phase 6 weeks later. Blood from con-
trol patients was drawn when venous access was obtained for
the induction of intravenous anaesthesia. The samples were
directly placed on ice, preventing 

 

ex

 

-

 

vivo

 

 phagocyte activa-
tion. Unstimulated blood samples were stained using fluo-
rescein isothiocyanate (FITC)-labelled human monoclonal
phage antibodies (MoPhab) A17 and A27, isolated from a
synthetic bacteriophage antibody library as described previ-
ously [13]. These priming epitopes are expressed on granu-
locytes 

 

in vitro

 

 after exposure to picomolar concentrations of
cytokines such as GM-CSF and IL-5. Staining of leucocytes
was performed as described previously [14]. In brief, FITC-
labelled MoPhab A17 and A27 were diluted in phosphate
buffered saline (PBS; 1 : 10). Whole blood samples (50 

 

µ

 

l
each) were incubated on ice for 60 min with 100 

 

µ

 

l of the
(1 : 10) dilution of FITC-labelled MoPhab before lysing the
erythrocytes. CD11b and IL-5R

 

α

 

 expression was measured
by staining 50 

 

µ

 

l of whole blood with anti-CD11b (1 : 100)
(clone 2LPM19c; Dako, Glostrup, Denmark) and anti-IL-
5R

 

α

 

 (1 : 100) (clone A14; BD PharMingen, San Diego, CA,
USA), respectively, for 30 min on ice. 

 

Ex-vivo

 

 stimulated
blood samples were preincubated at 37

 

°

 

C for 5 min and then
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stimulated for 10 min with N-formyl-methionyl-leucyl-
phenylalanine (fMLP) (1 

 

µ

 

M

 

) (Sigma, St Louis, MO, USA).
After stimulation, the samples were placed on ice and stained
as described above.

After staining, erythrocytes of all samples were lysed by
adding ice-cold isotonic NH

 

4

 

Cl [22] and cells were washed
and resuspended in PBS/1% human serum albumin (HSA)
(Sanquin, Amsterdam, the Netherlands) for analysis. All
samples were analysed in a fluorescence activated cell sorter
(FACS) vantage flow cytometer (Becton Dickinson, Moun-
tain View, CA, USA). Eosinophils were identified according
to their specific side- and forward-scatter signals [23]. The
percentage of eosinophils was determined as the percentage
of total leucocytes measured by FACS.

 

Statistical analysis

 

Surface marker expression levels in peripheral blood eosino-
phils had non-parametric distributions. They are expressed
as median values and range. Mann–Whitney 

 

U

 

-tests were
used to analyse differences between patient groups and con-
trols. Within-group analysis was performed using Wilcoxon’s
rank sum test. Spearman’s correlation coefficient was used to
analyse the relation between the different surface markers.
Statistical tests were performed by using the statistical soft-
ware package (SPSS Inc., version 12·0, Chicago, IL, USA). All
tests of significance were two-sided. A 

 

P

 

-value 

 

<

 

 0·05 was
considered statistically significant.

 

Results

 

The patient population comprised of 51 patients with RSV
LRTD, 11 of whom required mechanical ventilation (RSV-
Intensive Care; RSV-IC group), and 40 required standard
care (RSV-SC group). Ten control patients were enrolled
with a median age of 56·4 weeks (range: 35–106). Median
age in the RSV-SC group was 9·6 weeks (range 2·1–67) and
in the RSV-IC group 7·8 weeks (range 1·3–68). None of the
patients received anti-viral agents or systemic corticoster-
oids. Table 1 shows baseline characteristics of the RSV cohort
and controls. No correlation was present between age or
post-conceptional age and basal or fMLP-stimulated levels of
eosinophil expression of the A17 or A27 epitope, CD11b
and/or IL-5R

 

α

 

 (data not shown).

 

Eosinophils of RSV patients are characterized by a 
primed phenotype: a higher baseline of CD11b 
expression and an increased sensitivity for 

 

ex vivo

 

 
stimulation with fMLP

 

Significant differences were found in basal expression of
Mac-1 (CD11b/CD18) of eosinophils between the different
groups (Fig. 1a). Median CD11b expression in controls was
91·5 median fluorescence units (MFU) (range 75–149), in
RSV-SC patients 166 MFU (range 63–316, 

 

P

 

 

 

=

 

 0·003). The
CD11b expression in RSV-IC patients was comparable to
controls, with a median expression of 104 MFU (range 64–
154, 

 

P

 

 

 

=

 

 0·34). These data show clearly the pre-activation of
the eosinophil compartment in RSV-SC patients.

In analogy to Mac-1 the basal expression of priming
epitopes A17 and A27 were measured on peripheral blood
eosinophils. In marked contrast to CD11b, we did not
observe a significant difference in the expression of A17 and
A27 epitopes on eosinophils from RSV patients compared to
healthy controls (Fig. 2). The median MoPhab A17 binding
of controls was 17·5 MFU (range 12–124). In RSV-SC
patients, median eosinophil MoPhab A17 binding was
21 MFU (range 10–340) and in RSV-IC patients, eosinophil
priming was 21 MFU (range 12–65) (Fig. 2a). Expression of
the A27 epitope followed a similar pattern. Basal A27 expres-
sion in controls was 28 MFU (range 9–52), in RSV-SC
patients 28 MFU (range 11–604) and in RSV-IC patients
30 MFU (range 23–149) (Fig. 2b).

This mixed primed phenotype under basal conditions was
accompanied by an enhanced sensitivity to 

 

ex-vivo

 

 stimula-
tion with fMLP stimulation. This resulted in a significant
increase in: (1) CD11b expression in RSV-SC patients
(

 

P 

 

=

 

 0·017) and RSV-IC patients (

 

P 

 

=

 

 0·008); (2) A17-
expression in RSV-SC patients (

 

P 

 

=

 

 0·005) and RSV-IC
patients (

 

P 

 

=

 

 0·015) (Fig. 2c); and (3) A27 expression in
RSV-SC patients (

 

P 

 

=

 

 0·020) and RSV-IC patients
(

 

P 

 

=

 

 0·019) (Fig. 2d) compared to normal controls.
The sensitivity for 

 

ex-vivo

 

 stimulation with fMLP normal-
ized during convalescence at 6 weeks after RSV disease
(results not shown). Comparison between groups did not
show a significant difference. Also, A27 binding upon ex-

 

vivo

 

stimulation with fMLP was increased in RSV patients
(

 

P 

 

=

 

 0·009), with the highest levels in RSV-IC patients
(Fig. 2d).

 

Table 1.

 

Demographic characteristics of patient groups.

Controls

 

n

 

 

 

=

 

 10

RSV standard care

 

n

 

 

 

=

 

 40

RSV intensive care

 

n

 

 

 

=

 

 11

Sex (male/female) 8/2 26/14 6/5

Age (weeks) 56·4 (35·0–106·4) 9·6 (2·1–67) 7·8 (1·3–67·7)

Post-conceptional age (weeks) 96·3 (75·6–143·4) 49·5 (40–107) 44·9 (38·7–107·7)

Length of hospital stay (days) – 4 (0–12) 13·5 (9–21)

Oxygen support (days) – 6·5 (3–14) 12 (9–18)

RSV: Respiratory syncytial virus.
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Basal A17 and A27 binding correlate well with each other
(

 

R 

 

=

 

 0·87, Spearman’s rho 

 

=

 

 0·63, 

 

P

 

 

 

<

 

 0·0001). Basal and
stimulated expression of MoPhab A17 or A27 of eosinophils
did not correlate with basal or stimulated binding of
CD11b.

 

CD11b expression on eosinophils of RSV-SC patients 
does not return to normal levels during convalescence, 
whereas CD11b on cells of RSV-IC patients increases

 

Blood was drawn from patients in the convalescence phase,
6 weeks after admission. In the convalescence phase, the
increased sensitivity for stimulation with fMLP (in the con-
text of A17 and A27 epitope expression) had decreased
(

 

P 

 

<

 

 0·0001) to levels comparable to controls (see above).
However, the expression of CD11b on eosinophils from
RSV-SC patients was comparable to the levels during acute
disease and was still higher than in controls (Fig. 1a,

 

P

 

 

 

=

 

 0·001). In the RSV-IC patients an apparent increase in
CD11b expression was observed compared to baseline
(

 

P 

 

=

 

 0·036), to levels significantly higher than control values
(

 

P 

 

=

 

 0·010) (Fig. 1a).

 

CD11b expression is negatively correlated to disease 
severity

 

During acute respiratory illness, a significant inverse corre-
lation was found between CD11b expression and the num-
ber of days of oxygen support the child had received
(Spearman’s rho 

 

=

 

 

 

−

 

0·53, 

 

P

 

 

 

<

 

 0·0001) (Fig. 1b). This correla-
tion was still present when only the RSV-SC children were
analysed.

 

Decreased eosinophil counts and down-regulation of IL-
5R

  

αααα

 

 on eosinophils in peripheral blood of patients 
during acute lower respiratory tract infection

 

IL-5R

 

α

 

 expression on eosinophils in the peripheral blood of
RSV patients (median 18, range 4–33) was decreased com-
pared to control values (median 24 MFU, range 21·3–25)
(

 

P 

 

=

 

 0·02) (Fig. 3a). At the 6 weeks’ convalescence time-
point, IL-5R

 

α

 

 expression was again normalized comparable
to control levels (Wilcoxon’s rank sum test, 

 

P

 

 

 

=

 

 0·005), indi-
cating that IL-5R

 

α

 

 was down-regulated during acute disease
(Fig. 3b). The same pattern was observed in eosinophil per-
centages. The percentage of eosinophils found in RSV
patients (both IC and SC) (median 1·5% of total leucocytes)
were lower than in controls (median 3·3%) (

 

P 

 

<

 

 0·0001). At
6 weeks, eosinophil numbers had increased significantly
(

 

P 

 

<

 

 0·0001) (Fig. 4). Furthermore, there was no difference
between RSV-SC and RSV-IC patients in the percentage of
eosinophils at either time-point.

During acute disease IL-5R

 

α

 

 expression was correlated
inversely to both the basal and stimulated level of priming
epitope-A17/A27 expression (Fig. 5), indicating that acute

 

Fig. 1.

 

CD11b expression on eosinophils respiratory syncytial virus 

(RSV) patients (standard care: RSV-SC and intensive care: RSV-IC) and 

controls is expressed in median fluorescence units (MFU) (a). For RSV-

SC patients (grey triangles) and RSV-IC patients, both CD11b (MFU) 

expression of eosinophils at the time of admission and during follow-

up are shown (a). The median of each group is represented by a hori-

zontal line. (b) Inverse correlation between CD11b expression and the 

number of days of oxygen support the infants had received.
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Fig. 2.

 

Monoclonal phage antibody (MoPhab) A17 (a)and A27 (b) (both markers of priming) binding to eosinophils of patients with respiratory 

syncytial virus (RSV) admitted to a standard care ward (RSV-SC), intensive care (RSV-IC) and of control subjects. Eosinophil priming is expressed as 

MoPhab in median fluorescence units (MFU). (c, d) MoPhab A17- and A27-binding, respectively, after 

 

ex-vivo

 

 stimulation with N-formyl-methionyl-

leucyl-phenylalanine (fMLP). The median of each group is indicated by a horizontal line. *

 

P

 

-value 

 

<

 

 0·05; a **

 

P

 

-value 

 

<

 

 0·01.
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disease may induce up-regulation of priming epitopes and a
down-regulation of IL-5R

 

α

 

 expression on eosinophils in the
peripheral blood.

 

Discussion

 

This study was conducted because of the controversy
regarding the involvement of eosinophils in RSV LRTD. We
investigated eosinophil (pre)activation or priming in
peripheral blood during RSV LRTD, utilizing cellular mark-
ers and found several arguments supporting activation of
the eosinophil compartment. First, in comparison with
healthy controls, we observed a higher basal CD11b expres-
sion on eosinophils from RSV hospitalized infants, and sec-
ondly an increased sensitivity to 

 

ex-vivo

 

 stimulation with
fMLP, which is very typical for primed eosinophils [24]. A
cellular response with increasing expression of eosinophil
CD11b and A17/A27 priming epitopes suggests strongly a

primed eosinophil phenotype in the peripheral blood of
children with RSV LRTD and implies the involvement of
eosinophils in the clinical course of this disease. Unfortu-
nately, our study cannot differentiate between a pre-existing
sensitivity of eosinophils for an immunological insult such
as induced by RSV or that RSV or RSV products are actively
inducing eosinophil activation. However, pre-existence of
an ‘atopic type’ immune system does not seem to be a risk
factor for increased sensitivity of the eosinophil compart-
ment during RSV infection, because only few infants (

 

n

 

 

 

=

 

 6)
were positive in the Phadiatop Infant test (results not
shown). This is in line with the finding that atopy does not
seem to be a dominant risk factor for RSV-LRTD, as the
majority of atopic children do not develop this disease after
infection with RSV. None the less, our data show that the
host response to RSV infection, leading to LRTD, is associ-
ated with the activation of peripheral eosinophils (also see
below).
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screened for a negative history regarding respiratory condi-
tions or (family ) atopy.

CD11b is an accepted marker for activated phagocytes
and is induced in vitro by both cytokines and chemokines
[24–26]. Interestingly, we did not observe a significant
basal up-regulation of priming markers A17 and A27, both
of which are up-regulated in vitro by the same mediators
(such as GM-CSF) as are involved in up-regulation of
CD11b. Apparently, the signals operating in vivo are dis-
tinct from those which are used in vitro to activate eosino-
phils. This hypothesis is strengthened by our previous
studies, where we have shown that a well-controlled
inflammatory stimulus in vivo, in mild asthmatic patients
in the form of an allergen challenge, caused a transient
priming of peripheral blood eosinophils characterized by
enhanced expression of A17 expression and a stable expres-
sion of CD11b. This priming response was detectable only
within a few hours after challenge [14]. Hereafter, A17/A27
signals from peripheral blood eosinophils normalized to
pre-challenge levels whereas the late asthmatic response
was developing. These findings are consistent with the
hypothesis that under different inflammatory conditions
eosinophils are characterized by subtle differences in prim-
ing phenotype.

In RSV patients we measured priming markers within the
first 36 h of admission, which could be a considerable time

Fig. 5. Scatterplots of eosinophil interleukin (IL)-5Ra expression and 

monoclonal phage antibody (MoPhab) A17/A27 binding of respiratory 

syncytial virus (RSV) patients. Unstimulated (a and b) and N-formyl-

methionyl-leucyl-phenylalanine (fMLP)-stimulated (c and d) priming 

of eosinophils (measured as expression of A17 and A27 epitopes) in 

median fluoresence units (MFU) was observed to correlate with IL-5Rα 

expression (MFU).
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Fig. 3. (a) Interleukin (IL)-5Rα-expression on peripheral blood eosi-

nophils of infants with respiratory syncytial virus (RSV) lower respira-

tory tract disease (LRTD) and controls (P = 0·005). (b) IL-5Rα 

expression, expressed in median fluorescence units (MFU) was 

measured by fluorescence activated cell sorter (FACS) as described in 

Materials and methods both during acute disease and at the follow-up 

time-point 6 weeks later. A Wilcoxon’s rank test showed that IL-5Rα 

expression significantly increased during convalescence.
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RSV patients were compared to a control group which also
consisted of infants less than 2 years of age, but with a mean
age of a few months older than the RSV patients. However,
no relation could be observed between (post-conceptional)
age and eosinophil marker expression, nor has it has been
described elsewhere that eosinophil function or marker
expression change during early infancy. The controls were
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after occurrence of the first symptoms. Thus, although A17
and A27 have been shown to be up-regulated in more
chronic inflammatory diseases such as mild asthma, in this
acute respiratory tract disease sampling may have been too
late to see this initial burst of A17/A27 epitope-expressing
eosinophils in the peripheral blood in all patients.

The observation of an increased sensitivity to ex-vivo
stimulation with fMLP demonstrates that residual cells in
the peripheral blood are certainly pre-activated, albeit to a
lesser or different extent than observed 6 h after allergen
challenge [14]. Apparently, eosinophils of RSV patients
exhibit an increased sensitivity to fMLP, which is well known
to occur after cytokine exposure in vitro, and is also seen in
allergic asthmatics in vivo.

Two additional arguments for modulation of the eosino-
phil compartment during RSV LRTD stem from the find-
ings of a decreased IL-5Rα expression on eosinophils of
RSV patients and the decrease in peripheral blood eosino-
phil numbers. Liu et al. have shown that stimulation of
leucocytes with cytokines in vitro and in the tissue in vivo
leads to down-regulation of the IL-5Rα on the surface of
eosinophils [19]. Interestingly, we observed a similar
down-regulation on the surface of eosinophils in the
peripheral blood of patients with acute RSV LRTD. It is
unlikely that the low IL-5Rα-expressing cells represent a
population of eosinophils newly recruited from the bone
marrow, as CD34+ bone marrow progenitors are known to
up-regulate their IL-5Rα during differentiation to eosino-
phils [27]. Furthermore, blood levels of eosinotrophic
cytokines are below detection levels (our unpublished
data). Therefore, we propose that circulating eosinophils
may also originate from redistributed cells from the lung,
in which down-modulation has already taken place, result-
ing in a lower IL-5Rα expression.

The lower percentage of eosinophils in RSV LRTD fits the
concept that eosinophils extravasate to the lung during a
pulmonary inflammatory process. Alternatively, a lowered
percentage of eosinophils in the peripheral blood could be
merely a reflection of increased total leucocyte numbers.
However, RSV bronchiolitis in infants is associated with a
transient but prominent decline in circulating lymphocytes
but only a small increase in neutrophil numbers [28]. The
reduction in eosinophil percentage is due therefore to a true
decrease in peripheral blood eosinophil numbers and is most
probably a reflection of eosinophil migration to the pulmo-
nary tissues in response to chemoattractants [IL-8, mac-
rophage inflammatory protein (MIP)-1α, eotaxin] produced
in the lung during RSV LRTD [29].

We have shown here that, during RSV LRTD, the periph-
eral blood eosinophil compartment is changed, represented
by changes in expression of inflammation markers with dif-
ferent kinetics. The basal expression of A17/A27 epitopes on
eosinophils of RSV patients was not significantly different
from the controls, but the range of expression in the RSV
patients was quite large. An interesting inverse correlation

could be observed between the stimulated and unstimulated
expression of A17/A27 epitopes and eosinophil IL-5Rα
expression. Similar observations have been described in the
literature on BAL eosinophils of asthmatics after allergen
challenge [19]. It is tempting to speculate that cells express-
ing high levels of A27/A17 and low levels of IL-5Rα have
interacted with the inflamed tissue in the lung and might
originate from this site. Although eosinophils are considered
to be tissue-dwelling cells that become activated after
extravasation and die by apoptosis, the possibility of
redistribution of eosinophils from the lung to other
compartments is not unprecedented. In the lungs of patients
with asthma, which is characterized by pulmonary tissue
eosinophilia, apoptotic eosinophils are rarely found [30–32].
Several authors have shown that eosinophils instilled in the
lungs of mice migrate to the thoracic lymph node, expressing
a higher level of activation markers on their surface than
peripheral blood eosinophils [33–35].

It is intriguing as to why CD11b is up-regulated on eosi-
nophils both during acute disease and during convales-
cence, whereas all other parameters normalized. Although
initially not increased in the RSV-IC patients, in convales-
cence CD11b levels were still significantly higher than in
controls. In’t Veen et al. found a positive correlation
between bronchial hyperresponsiveness of asthmatic
patients and CD11b expression of peripheral blood eosino-
phils [36]. RSV LRTD is characterized by a period of
increased bronchial responsiveness in the post-bronchiolitis
period. The increased expression of CD11b present in both
the RSV-SC and RSV-IC groups 6 weeks post-infection can
therefore be explained by residual activation of eosinophils
under these conditions.

The expression of CD11b was lower in the RSV-IC
patients and correlated inversely with disease severity, deter-
mined by the number of days of oxygen support. Again, this
may reflect migration of activated eosinophils to the lung,
which is expected to be most prominent in ventilated
patients, whereas the more subtle changes in fMLP-respon-
siveness are still measurable in these infants. Alternatively,
the RSV-IC patients could be characterized by an aberrant
activation process of immune cells resulting in lower expres-
sion of activation markers.

Taken together, we have shown for the first time, to our
knowledge, that the systemic eosinophil compartment is
modulated during RSV LRTD. Peripheral blood eosinophils
from infants with RSV LRTD are more highly activated than
eosinophils of control patients, and this normalizes only par-
tially during convalescence. IL-5Rα expression is down-
modulated on peripheral blood eosinophils and is another
indication of an eosinophil response. We speculate that this
observation could also reflect relocation to the peripheral
blood of pulmonary eosinophils on which IL-5Rα has been
down-regulated by cytokine exposure. Our observation, that
circulating eosinophils are primed, suggests the functional
involvement of eosinophils during RSV LRTD.
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